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Abstract
Background: Endoscopic treatments, such as endoscopic submucosal dissection (ESD) and laparoscopic
gastrectomy, are increasingly used to treat a subset of patients with early gastric cancer (EGC). To achieve
successful outcomes, it is very important to accurately determine the lateral extent of the tumor. Therefore, we
investigated the diagnostic performance of chromoendoscopy using indigo carmine dye added to acetic acid (AI
chromoendoscopy) in delineating differentiated or undifferentiated adenocarcinomas in patients with EGC.
Methods: We prospectively included 151 lesions of 141 patients that had an endoscopic diagnosis of EGC. All the
lesions were examined by conventional endoscopy and AI chromoendoscopy before ESD or laparoscopic
gastrectomy. The border clarification between the lesion and the normal mucosa was classified as distinct or
indistinct before and after AI chromoendoscopy.
Results: The borders of the lesions were distinct in 66.9% (101/151) with conventional endoscopy and in 84.1%
(127/151) with AI chromoendoscopy (P < 0.001). Compared with conventional endoscopy, AI chromoendoscopy
clarified the border in a significantly higher percentage of differentiated adenocarcinomas (74/108 [68.5%] vs 97/
108 [89.8%], respectively, P < 0.001). However, the border clarification rate for undifferentiated adenocarcinomas did
not differ between conventional endoscopy and AI chromoendoscopy (27/43 [62.8%] vs 30/43 [70.0%], respectively,
P = 0.494).
Conclusions: AI chromoendoscopy is useful in determining the lateral extent of EGCs. However, its usefulness is
reduced in undifferentiated adenocarcinomas.
Background
There has been a reduced incidence of gastric cancer in
western countries over the past few decades. However,
gastric cancer is still the second leading cause of cancer
deaths in the world, and it is the most prevalent malig-
nancy in Korea [1,2]. Early gastric cancer (EGC) is
d e f i n e da sag a s t r i cc a n c e rt h a ti sc o n f i n e dt ot h e
mucosa or submucosa, regardless of the presence or
absence of lymph node metastasis [3]. The proportion
of EGC cases is increasing in Korea because endoscopic
screening for gastric cancer has been adopted [4]. As a
result, endoscopic treatments such as endoscopic sub-
mucosal dissection (ESD) and laparoscopic gastrectomy
are increasingly used to treat a subset of patients with
EGC in both Korea and Japan [5-8].
To achieve a successful outcome, it is very important
to accurately determine the lateral extent of the tumor.
This has traditionally been done with conventional
endoscopy and chromoendoscopy using indigo carmine
dye [9,10]. However, it is sometimes difficult to identify
the margins of the tumors, especially those of superficial
or flat-type tumors. Magnifying endoscopes have report-
edly been useful in overcoming this difficulty [11,12] but
their use is limited by the technical difficulties in manip-
ulating the scopes. Therefore, easier methods are
required that make it possible to accurately determine
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with indigo carmine dye added to acetic acid (AI chro-
moendoscopy) has recently been reported to improve
the diagnostic yield in terms of recognizing the tumor
borders in patients with EGC [13,14]. However, the
majority of subjects included in these studies had differ-
entiated adenocarcinomas. Therefore, the current study
was performed to prospectively investigate the diagnos-
tic performance of AI chromoendoscopy in delineating
differentiated or undifferentiated adenocarcinomas in
patients with EGC.
Methods
From January 2007 to May 2009, a total of 151 lesions
in 141 patients (85 men and 56 women; age range, 35-
81 years; mean age 60 years) with an endoscopic diagno-
sis of EGC were enrolled prospectively. These patients
had previously undergone endoscopic ultrasonography
and computed tomography assessments, and were
scheduled to undergo ESD or surgery.
This study was approved by the Institutional Review
B o a r da tP u s a nN a t i o n a lU n iversity Hospital and
informed consent was obtained from all the patients
before their examination.
Diagnostic procedures
All the lesions detected by high-definition video endo-
scopy (EVIS LUCERA GIF-H260; Olympus Optical Co.,
Ltd, Tokyo, Japan) were examined by a single experi-
enced endoscopist (G.H. Kim) as follows: step 1, mucus
adhering to the mucosa was washed away as thoroughly
as possible before the examination of the lesion; step 2,
10-20 mL of 1.5% acetic acid was sprinkled evenly over
and around the lesion using a washing pipe (PW-5L-1;
Olympus); step 3, 10-20 mL of 0.2% indigo carmine dye
was similarly sprinkled 30-60 seconds later using a
washing pipe; step 4, the area was washed with clean
water 20-30 seconds later for the final view (Figure 1, 2).
Before and after AI chromoendoscopy, the border
clarification between the lesion and the normal mucosa
was classified as distinct or indistinct by observation
with the naked eye. The clarity of the endoscopic image
after AI chromoendoscopy was also classified as clear,
mottled, or unclear.
Clinicopathological review
ESD or laparoscopic gastrectomy was performed within
one week of AI chromoendoscopy. The resected speci-
mens were fixed in 10% buffered formalin. Carcinomas
with adjacent non-neoplastic mucosa were serially cut
into 2 mm parallel slices and embedded in paraffin, and
then sectioned and stained with hematoxylin-eosin for
histological examination. The clinicopathological find-
ings, such as age, sex, macroscopic shape, tumor site,
tumor size, histological type and depth of invasion, were
reviewed according to the Japanese Classification of
Gastric Carcinomas [15]. The depth of tumor invasion
was classified as mucosal, submucosal, or advanced (the
tumor had invaded the muscularis propria or deeper).
Statistical analysis
The difference in the border clarification when conven-
tional endoscopy or AI chromoendoscopy was used and
the differences in the clinicopathological characteristics
according to the border clarification and the clarity of
the endoscopic image were assessed using c
2 test or
Fisher’s exact test. Multivariate logistic regression analy-
sis was used to identify variables predicting the border
clarification after AI chromoendoscopy. Influencing fac-
tors/covariates for the border clarification were tumor
size, macroscopic type, histopathological diagnosis and
depth of tumor invasion. A P value < 0.05 was consid-
ered statistically significant. The statistical calculations
were performed with the SPSS version 12.0 for Win-
dows software (SPSS Inc., Chicago, IL, USA).
Results
The clinicopathological characteristics of the patients
enrolled in this study are summarized in Table 1. Sixty
lesions were treated by ESD and 91 lesions were treated
by laparoscopic gastrectomy. The lesions were located
in the upper third of the stomach for 7.3% (11/151), in
the middle third for 39.7% (60/151) and in the lower
third for 53.0% (80/151). Macroscopically, the lesions
were classified as flat/elevated (64/151, 42.4%),
depressed (64/151, 42.4%), or excavated (23/151, 15.2%).
Histopathologically, the lesions were diagnosed as differ-
entiated adenocarcinomas in 71.5% (108/151) and undif-
ferentiated adenocarcinomas in 28.5% (43/151). The
depth of tumor invasion was mucosal in 71.5% (108/
151), submucosal in 25.8% (39/151), and advanced in
2.7% (4/151).
The border of the lesion was distinct in 66.9% (101/
151) with conventional endoscopy and in 84.1% (127/
151) with AI chromoendoscopy (P < 0.001) (Table 2)
(Figure 3). Compared with conventional endoscopy, AI
chromoendoscopy clarified the border in a significantly
higher percentage of differentiated adenocarcinomas
(74/108 [68.5%] vs 97/108 [89.8%], respectively, P <
0.001). However, the border clarification rate for undif-
ferentiated adenocarcinomas did not differ between
conventional endoscopy and AI chromoendoscopy (27/
43 [62.8%] vs 30/43 [70.0%], respectively, P =0 . 4 9 4 ) .
Of the 50 lesions with indistinct borders on conven-
tional endoscopy, AI chromoendoscopy clarified the
borders in 66.0% (33/50) (27 of 34 differentiated ade-
nocarcinomas and 6 of 16 undifferentiated
adenocarcinomas).
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with the distinct border group after AI chromoendo-
scopy, there were no differences in the tumor size,
location, or depth (Table 3). The lesions with an
excavated morphology showed a higher frequency of
indistinct borders than those with a flat/elevated or
depressed morphology (P = 0.034). Undifferentiated
carcinomas had a higher frequency of indistinct bor-
ders than differentiated carcinomas (13/43 [30.2%] vs
11/108 [10.2%], respectively, P = 0.002). On multi-
variate regression analysis, only the histopathological
type was associated with the border clarification
(Table 4).
The clarity of the lesions after AI chromoendoscopy
did not differ according to the tumor size, location, or
depth (Table 5). The lesions with a flat/elevated mor-
phology showed a higher frequency of clear images than
those with a depressed or excavated morphology (P =
0.009). Undifferentiated adenocarcinomas showed a
higher frequency of mottled appearance than differen-
tiated adenocarcinomas (30/43 [69.8%] vs 2/108 [1.9%],
respectively, P = 0.002).
Discussion
In this study, the diagnostic performance of conven-
tional endoscopy in recognizing tumor borders was
Figure 1 Chromoendoscopy of a differentiated adenocarcinoma. (A) A combined flat and elevated lesion with an unclear border at the
lower body of the stomach is shown. (B) Endoscopic view after acetic acid was sprinkled. (C) Endoscopic view after indigo carmine was
additionally sprinkled. (D) Endoscopic view after the lesion was washed with clean water. After chromoendoscopy with indigo carmine dye
added to acetic acid, the lesion’s borders became distinct and the clarity of the image is high. The lesion was resected by endoscopic
submucosal dissection and was shown to be a differentiated adenocarcinoma.
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diagnosis of EGC. AI chromoendoscopy increased the
recognition rate of tumor borders to 84.1%, especially in
differentiated adenocarcinomas.
The accurate determination of the pre-treatment lat-
eral extent of a tumor is critical for successful endo-
scopic resection and laparoscopic gastrectomy in
patients with EGC. Inadequate determination of the lat-
eral extent may result in an incomplete resection, which
would increase the rate of local relapse. During endo-
scopic resection such as ESD, the entire border between
the tumor and the normal mucosa is electrosurgically
marked, approximately 5 mm from the lesion, and the
procedure is then performed [16]. During a surgical
operation such as a laparoscopic gastrectomy, EGC
lesions cannot be identified by inspecting the serosal
surface and are usually impossible to palpate manually
because the depth of the invasion is shallow. Therefore,
the day before surgery, two or three endoscopic clips
are usually placed at the mucosa approximately 1-2 cm
from the proximal margin of the lesion in the oral direc-
tion [17]. In this study, we used the same localization
technique for endoscopic resection and laparoscopic
gastrectomy.
The diagnostic performance for determining the lateral
extent of a tumor with conventional endoscopy is
Figure 2 Chromoendoscopy of an undifferentiated adenocarcinoma. (A) A flat discolored lesion with an unclear border at the lower body
of the stomach is shown. (B) Endoscopic view after acetic acid was sprinkled. (C) Endoscopic view after indigo carmine was additionally
sprinkled. (D) Endoscopic view after the lesion was washed with clean water. After chromoendoscopy with indigo carmine dye added to acetic
acid, the lesion’s border was still indistinct and the image was mottled. The lesion was resected by laparoscopic gastrectomy and was shown to
be an undifferentiated adenocarcinoma.
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same height and color as the surrounding normal mucosa
[13]. Chromoendoscopy with indigo carmine dye, which
is not absorbed by the mucosa but pools in crevices and
valleys, thus defining the irregularities in the mucosal
architecture, has been used for over 30 years and is still a
strong modality for identifying gastric lesions [9,10,13].
However, the accurate delineation of the tumor area is
often difficult because the dye simply contrasts the
surface irregularity of the tumor [18].
Magnifying endoscopy has recently been reported as
useful in determining the lateral spread of gastric can-
cers [11,12]. However, magnifying endoscopy is not pop-
ular and there is no generally accepted standard for
identifying the patterns of tumors, which limits the role
of magnifying endoscopy in determining the lateral
extent of a tumor.
The technique based on the application of acetic acid
during the endoscopy was first used to observe the spe-
cialized columnar epithelium of Barrett’s esophagus [19].
This technique was then adopted for the assessment of
gastric neoplasms [11,20]. The transient whitish colori-
zation of the epithelial surface, which occurs after the
spraying of acetic acid, is a consequence of the increased
opacity. This corresponds to a reversible alternation of
the three-dimensional structures of the cytoplasmic pro-
teins [13]. However, the lateral margins were success-
fully identified with acetic acid in only 42-53% of gastric
neoplasms [13].
Based on chromoendoscopy with acetic acid, Yama-
shita et al. recently described the use of an indigo car-
mine and acetic acid mixture to accurately identify the
margins of gastric cancers in 27 cases, which was even
possible with low-resolution endoscopy [18]. The speci-
ficity and sensitivity were 98.0% and 100%, respectively,
based on biopsy samples from the demarcated areas or
just outside the areas. In a prospective study of 53 neo-
plasms, which compared AI chromoendoscopy with
conventional chromoendoscopy using indigo carmine or
acetic acid alone, the diagnostic performance of AI
chromoendoscopy (94.3%) was significantly better than
that of the other modalities [13]. Of the 53 lesions, 49
were differentiated adenocarcinomas, 3 were adenomas
and only one lesion was an undifferentiated adenocarci-
noma. Similarly, in our present study, AI chromoendo-
scopy clarified the borders in 89.8% (97/108) of the
differentiated adenocarcinomas.
However, there has been no report on the perfor-
mance of AI chromoendoscopy in the assessment of
undifferentiated adenocarcinomas. In the present study,
the borders of undifferentiated adenocarcinomas were
distinct in 62.8% with conventional endoscopy and in
70.0% with AI chromoendoscopy. Of the 16 undifferen-
tiated adenocarcinomas with an indistinct border during
conventional endoscopy, AI chromoendoscopy clarified
the borders in only 6 lesions. Therefore, the diagnostic
performance of AI chromoendoscopy in assessing
Table 1 Clinicopathological characteristics of the patients
Patients 141
Sex (male/female) 85/56
Mean age (year) 60 (range 35-81)
Tumors 151
Mean tumor size (mm) 22 (range 3-88)
Location
Upper third of the stomach 11
Middle third of the stomach 60
Lower third of the stomach 80
Macroscopic type
Flat/Elevated 64
Depressed 64
Excavated 23
Concomitant ulceration
Present 35
Absent 116
Histopathological diagnosis
Differentiated 108
Undifferentiated 43
Depth
Mucosal 108
Submucosal 39
Advanced 4
Table 2 Border clarification of the lesions before and after chromoendoscopy with indigo carmine dye added to acetic
acid
After chromoendoscopy
Total
(n = 151)
Differentiated
adenocarcinomas
(n = 108)
Undifferentiated
adenocarcinomas
(n = 43)
Distinct
margin
Indistinct
margin
Distinct
margin
Indistinct
margin
Distinct
margin
Indistinct
margin
Conventional endoscopy
Distinct margin 94 7 70 4 24 3
Indistinct margin 33 17 27 7 6 10
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factory compared with the diagnostic performance
of AI chromoendoscopy in assessing differentiated
adenocarcinomas.
We also investigated the differences in the clinico-
pathological characteristics of the lesions in the distinct
border group and the indistinct border group after AI
chromoendoscopy. The frequency of an indistinct bor-
der was higher for lesions with an excavated morphol-
ogy as well as with undifferentiated adenocarcinoma.
During this study, we discovered that there was a
difference between differentiated and undifferentiated
adenocarcinomas in the clarity of the lesions after AI
chromoendoscopy. A mottled appearance was more
common in undifferentiated adenocarcinomas than in
differentiated adenocarcinomas. These results can be
explained by the fact that undifferentiated adenocarcino-
mas infiltrate diffusely among the normal gastric gland-
ular cells.
The exact mechanism of AI chromoendoscopy is still
u n c l e a r ,b u tw ep r o p o s eap o s s i b l em e c h a n i s m .W h e n
acetic acid is sprinkled, the surrounding non-cancerous
Figure 3 The rates of border clarification by conventional endoscopy and chromoendoscopy with indigo carmine dye added to acetic
acid (AI chromoendoscopy) according to the histological type of the lesion.
Table 3 Clinicopathological characteristics of the lesions of the distinct border group and the indistinct border group
after chromoendoscopy with indigo carmine dye added to acetic acid
Distinct border group
(n = 127)
Indistinct border group
(n = 24)
P value
Tumor size 0.232
≤ 2c m 8 0 1 2
> 2 cm 47 12
Location 0.788
Upper third of the stomach 10 1
Middle third of the stomach 51 9
Lower third of the stomach 66 14
Macroscopic type 0.034
Flat/Elevated 59 5
Depressed 52 12
Excavated 16 7
Histopathological diagnosis 0.002
Differentiated 97 11
Undifferentiated 30 13
Depth 0.273
Mucosal 93 15
Submucosal 30 9
Advanced 4 0
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which produces good contrast between the pinkish
cancer lesion and the surrounding non-cancerous tis-
sue. If indigo carmine is additionally sprinkled, then
the surrounding whitish non-cancerous mucosa is
stained blue and the pinkish cancer is not stained.
This color difference is made clearer by washing with
clean water.
However, in seven of the 101 lesions with clear bor-
ders on conventional endoscopy, the borders became
less clear after AI chromoendoscopy. This problem
would be attributed to the increased secretion of mucus
from the gastric mucosa after the acetic acid was
sprinkled on it, which resulted in the adhesion of the
mucus to the surface of the lesion, reducing the contrast
between the lesion and the normal mucosa [14].
Conclusions
AI chromoendoscopy is useful in determining the lateral
extent of EGCs. However, the usefulness of AI chro-
moendoscopy is reduced in lesions with an excavated
morphology and in undifferentiated adenocarcinomas.
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